Head-Directed Navigation is a simple and efficient method for navigating large virtual spaces. For walkthrough applications such as architectural visualization or games, the user is often required to cover simulated distances. In doing so, inexperienced users often have a hard time learning complicated navigation patters with 3-D mice or similar input devices. In large virtual worlds, this frequently leads to disorientation. With head directed navigation, the user navigates the virtual environment only by orienting his or her head. An orientation tracker mounted on the head-mounted display worn by the user is used to derive the navigation commands. Besides the approach's simplicity, the user's hands are left free for other tasks.
Introduction
Navigating through virtual environments can no longer be considered a task reserved for the expert. 3D-worlds and architectural walkthrough applications [Mine95a] for the common user require new, intuitive interface techniques. We present a simple navigational metaphor for immersive walkthrough applications called head-directed navigation. This method requires only the tracker attached to a head-mounted display (HMD). It is extremely easy to learn and doesn't require additional input devices, thereby leaving the users hands free for other tasks. In the following we discuss the properties of established navigation methods together with related work. We then give an overview of our approach together with details on implementation, evaluation and results.
Related work
The choice of the navigation method to be employed for a virtual reality (VR) application is constrained by both the need of the application and by the physical setup. The latter can broadly be categorized into desktop VR (screen and mouse only), fishtank VR (desktop VR with shutter glasses) and fully immersive setups (using head-mounted displays). While desktop systems usually have to employ navigation methods using simple devices such as mice or joysticks (e. g., [Strommen94]), immersive setups can make use of the larger number of degrees of freedom (DOF) provided by tracking systems [Meyer92], which have led to a variety of proposed navigation methods.
We discuss this related work with respect to their applicability for walkthrough applications. We therefore limit ourselves to methods that couple the user's view to the camera used to render the scene, and that are suited to general exploratory behavior (as opposed to object or goal driven movement such described in [Mackinlay90]).
Mine [Mine95b] identifies the following techniques for specification of direction in immersive virtual environments:
• Physical walking: While being most natural, the range of current tracking systems
[Ward92] prevents the use for walkthrough applications. We also do not further consider "exotic" devices such as treadmills or stationary bicycles [Waters97]. • Gaze-directed: moving in the direction the user looks at. The head-directed navigation method proposed in this paper falls into this general category. • Pointing: moving in the direction the user points the hand or prop (e. g. wand) • Cross-Hair: moving in the direction from head to hand • Physical controls: The use of physical controls (such as a steering wheel) and corresponding "vehicle" metaphors is often difficult in immersive settings, as the user cannot see the devices • Virtual controls: These are often difficult to operate for their lack of haptic feedback.
Other forms of navigation involve obtain a global view of the virtual environment, such as "world-in-hand" metaphor of [Ware90] or "world-in-miniature" [Stoakley95]. However, these approaches are not strictly methods for walkthrough applications.
